INTRODUCTION
It has been shown (Waksman and Bugie, 1944 ) that a certain strain of Chaetomium cochliodes produces an antibiotic substance, designated as chaetomin; that is highly active against gram-positive bacteria but has little effect upon gram-negative organisms. A further study of the concentration and purification of the chaetomin yielded a highly potent preparation that inhibited the growth of Bacillus subtili and Staphylococcus aureus in dilutions of 1:500,000,000 or even greater. The following report deals with the extraction and purification of the chaetomin, as well as with some of the chemical and biological properties of this highly potent preparation.
PRODUCTION AND ISOLATION OF CHAETOMIN
Cultivation of C. cochliodes. The glucose-nitrate or Czapek-Dox medium, supplemented with calcium carbonate and with certain accessory growth substances in the form of corn steep liquor or yeast extract, was found most suitable for the growth of the organism and for the production of the chaetomin. The medium was placed in shallow layers in flasks, sterilized, inoculated with the organism, and incubated at 28 C. After 10 to 15 days the chaetomin was extracted from the medium.
It was soon found that the mycelium of the organism was very rich in chaetomin. When this mycelium was extracted with acetone, the chaetomin obtained was about twenty times as great as the yield of the substance in the culture ifitrate. The addition of calcium carbonate was of no advantage in this connection, but the corn steep liquor or yeast extract gave decidedly favorable results. Corn steep liquor is preferred to yeast extract because the latter often leads to troublesome emulsions during extractions. As brought out in table 1, the active substance is produced in the mycelium most rapidly from the sixth to the tenth day of growth, whereas the antibacterial activity of the filtrate remains nearly constant after 6 days' incubation. This leads to the suggestion that the chaetomin is produced in the mycelium and is secreted in the medium until the latter becomes saturated, the degree of saturation depending upon W. B. GEIGER, J. E. CONN AND S. A. WAKSMAN various factors, such as growth, nature of nutrients, and reaction. The excess chaetomin accumulates in the mycelium.
For the production of chaetomin, the above medium supplemented with 0.5 per cent corn steep liquor and neutralized to pH 7.0 with sodium hydroxide was used, and the culture harvested in 10 to 12 days. It has been shown elsewhere (Waksman and Bugie, 1944 ) that the production of chaetomin is chaxacteristic of one particular strain of C. cochliodes and is not formed by other species of Chaetomium or even by strains of this species when obtained from other sources.
In order to demonstrate that this is also true of the mycelium of the organism, the following experiment was conducted:
A strain of Chaetomium was isolated from a natural source (an infected piece of cloth suspended in a moist chamber) and tested for antagonistic activity by streaking it across the center of a fungus-agar plate. After growth had appeared in 2 days, Staphylococcus aureus, Bacillus mycoides, Bacilus subtilis, 100,000 100,000 10,000,000 10,000,000
and Sarcina lutea were streaked perpendicularly to the first streak. The first and last organisms were both inhibited to some extent by the growth of the Chaetomium.
Two liters of Czapek-Dox medium, containing 0.5 per cent corn steep liquor, and two liters of a glucose-peptone salt solution medium were inoculated with the above Chaetomium. After 10 days' incubation at 28 C, the bacteriostatic activity of the culture filtrate and of the acetone extract of the mycelium was determined. The results indicated no activity whatsoever either in the culture filtrates of the two media or in the acetone extracts of the mycelium obtained from the two media. A similar experiment was performed using a strain of Chaetomium globosum with the same results.
Extraction of chaetomin from mycelium. The procedure for the extraction of chaetomin from a culture of C. cochliodes is shown diagrammatically in figure 1.
The liquid medium is ifitered off, and the mycelium is collected and extracted at room temperature three times for one day each with acetone, using a total of 2 liters for the extraction of mycelium from 10 liters of medium. The acetone is evaporated to about 400 ml under diminished pressure, and the aqueous liquid remaining is then extracted with three 200-ml portions of ethyl acetate. The addition of 25 g of sodiuxm chloride before the first extraction helps to prevent the formation of emulsions. The ethyl acetate extracts are combined and washed twice with a 5 per cent solution of sodium bicarbonate, then twice with a 5 per cent solution of sodium carbonate, and finally with water, until neutral. The washed extract is evaporated to dryness under diminished pressure, and the residue dried in a vacuum desiccator over sulfuric Solutions of chaetomin in alcohol may be prepared by warming the chaetomin to-40 to 50 C. It is best dissolved in a little acetone and diluted with alcohol to the required volume.
True aqueous solutions cannot be prepared, but stable aqueous emulsions can readily be obtained. If small amounts of alcohol are not objectionable, emulsions stable for several hours may be prepared by diluting an alcoholic solution of the substance with distilled water. A solution of 10 mg of chaetomin in 1 ml of alcohol gives a satisfactory emulsion when added to 100 ml of water.
Alcohol-free emulsions may be prepared with the help of gum acacia and will remain stable in the refrigerator for weeks. Ten mg of chaetomin in 1 ml of alcohol were added to 5 ml of a sterile (Seitz filtered), 3 per cent solution of gum acacia. Two drops of amyl alcohol were used to prevent frothing, and the solution was evaporated to dryness in a vacuum desiccator over calcium chloride. The dried residue formed a stable emulsion on rubbing with 5 ml of water. Such solutions can be diluted further, and solutions of higher concentration can be obtained by1using less water. Crude chaetomin from filtrate .... 50,000,000 20,000,000 50,000,000 100,000,000
Chaetomin is not impaired in activity by heating to 100 C in suspension in water for 10 minutes, and no spontaneous loss in activity has been observed when it stands in alcoholic solution at room temperature. The substance was found to be stable to 0.01 M alcoholic hydrochloric acid or 0.1 M aqueous citric acid at room temperature for 24 hours. Its affected by the enzyme penicillinase, although the preparation used destroyed penicillin rapidly. The greater stability of chaetomin to heat and acid is another important difference from penicillin.
Like gliotoxin, chaetomin is a neutral sulfur compound. The sulfur of chaetomin is much more firmly bound than that of gliotoxin, for no lead sulfide is formed on heating with sodium plumbite and no sulfide or sulfate is liberated on heating with aqueous alkali. It also differs from gliotoxin in its bacterio' static spectrum, since gliotoxin acts against certain gram-negative bacteria against which chaetomin is inactive.
SfUMARY
The results of this study on the isolation and purification of chaetomin may be summarized as follows:
Chaetomin, an antibacterial substance produced by Chaetomium cochliode8, is found both in the culture filtrate and in the mycelium of the organism.
Chaetomin has been found to be present in much larger quantities in the mycelium than in the culture filtrate.
Chaetomin is extracted from the filtrate by ethyl acetate and from the mycelium by acetone, and is repurified by washing with sodium bicarbonate and sodium carbonate. It is further purified by treatment with petroleum ether and by chromatographic absorption.
Chaetomin contains nitrogen and sulfur, but differs greatly in biological activity from gliotoxin and penicillin. Although it is similar in some respects to tyrothricin, it differs considerably from this antibiotic substance as well.
Chaetomin is largely active against gram-positive bacteria and has little if any effect upon gram-negative organisms. Preparations having 500,000,000 or more Staphylococcs aureus units have been obtained.
